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TITLE 

PENETRABLE PRESSURE PROOF SEALING FOR A CONTAINER 
This application claims priority on U.S. Provisional application number 
60/257,091 filed on December 22, 2000 under 35 U.S.C. § 119(e), the entire 
contents of which are hereby incorporated herein by reference in its entirety 
and for all purposes. 

TECHNICAL FIELD 

The invention relates to a penetrable pressure proof sealing for a container 
so as to enable injection and/or extraction of substance to/from the con- 
tainer, in particular, reaction vessels. More specifically, the invention relates 
to a seal mechanism, apparatus and method for confining a chemical reac- 
tion in a reaction vessel that is accessible through a self-sealing diaphragm. 

BACKGROUND AND PRIOR ART 

When performing a chemical reaction in a vial or test tube that is sealed with 
a lid covering an opening of the container, said lid being penetrated so as to 
inject e.g. a reagent or solvent to the content of the container. In order to ini- 
tiate or to accelerate the chemical reaction, the content is often heated, for 
example by exposing the content to microwave energy, whereby an increase 
of pressure typically is generated in the container. Thus, a condensation or 
evaporation of the content in the container will take place, if the penetration 
through the lid is not closed. Conventionally, the lid may be exchanged for a 
new non-penetrated lid each time that the lid has been penetrated. Alterna- 
tively, the lid may be a screw cap that can be removed each time an injection 
or extraction is carried out. These solutions are time consuming and compli- 
cated for the operator. 

Prior art references disclose differently structured seals for containers. 

EP 0 476 386 describes a port assembly for an enteric feeding bag, wherein 
the bag prevents the insertion of a spike of a parental set, while permitting 
insertion of a spike of an enteric set into an enteric container. 
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US 3,991,912 describe an apparatus for dispensing medicaments or the like, 
and in particular a sealed package/ container for a liquid medicament and a 
separate attachable dispenser for use therewith. When the inset conduit of 
the dispenser has penetrated the container, the gravity acting on the content 
in the container will cause the double-folded walls in the bottom portion of 
the container to wrap around said inset conduit and thus prevent seepage 
through the penetrated portion. 

GB 2,121,016 describes an evacuation device for a container, and which is 
provided with a self-sealing diaphragm. The sealing diaphragm is arranged to 
bend inwardly into the enlarged space when pressure is applied thereto by a 
connection device penetrating it. Subsequently, the seal self-seals due to its 
elasticity when the connection device is removed. Thus, fluid may be re- 
moved from the container more than once. 

US 6,045,755 disclose a reaction vessel having a penetrable septum. A com- 
pressible collar on the external side of the septum provides an orifice for in- 
serting a needle through the septum. The orifice becomes occluded and seals 
the vessel when the collar is vertically compressed by means of a screw cap 
in threaded engagement with the vessel. (See figs. 12A and 12B). 

US 3,693,455 disclose a reaction vessel with a double septum injection port. 
The two septas are vertically compressed between steel discs when a locking 
nut is tightened in threaded engagement with the vessel. 

In the course of designing cost effective chemical processes, there is an ur- 
gent demand for a new solution to the problem of confining a chemical reac- 
tion in a vessel that provides repeated access to its inner volume. A solution 
to this problem preferably involves the possibility of performing automated 
chemical processes. 
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SUMMARY OF INVENTION 

It is an object of the present invention to provide a penetrable pressure proof 
sealing for a reaction vessel, said sealing making it possible to inject or ex- 
tract substance to/ from the reaction vessel a plurality of times, and wherein 
the reaction vessel can be set under pressure between the injections/ 
extractions due to the pressure proof sealing. 

Another object of the invention is to provide a seal mechanism, apparatus 
and method for confining a chemical reaction in a reaction vessel that is ac- 
cessible through a self-sealing diaphragm. 

It is further an object to provide a sealing that is easy to use and to imple- 
ment. 

These and other objects are met in a seal mechanism as defined in the ac- 
companying claim 1, an apparatus as defined by claim 8, and a method as 
defined by claim 15. Advantageous embodiments of the invention are further 
defined in the subordinated claims. 

Briefly, the invention suggests a seal mechanism for confining a chemical 
reaction in a reaction vessel (1) that is accessible through a penetrable, self- 
sealing diaphragm (5) covering an opening (4) of the reaction vessel through 
which reagents are injected and/or extracted. Said seal mechanism com- 
prises a movable plunger (7) that is reversibly operable into abutting contact 
with an external side of the diaphragm wherein the plunger is effective for 
preventing an outward deflection of the diaphragm caused by an increase of 
internal pressure, resulting from the chemical reaction and/ or from heating 
the contents in the vessel. 

The invention also suggests an apparatus for performing chemical reactions 
wherein one or more reaction vessels (1) are supported and successively 
moved in parallel or in series to a position for microwave energy exposure, 
each reaction vessel having a penetrable, self-sealing diaphragm (5) covering 
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an opening (4) of the reaction vessel. The apparatus has dispensing means 
capable of penetrating the self-sealing diaphragm for injection and/ or extrac- 
tion of reagents into the reaction vessel, and a seal mechanism comprising a 
movable plunger (7) arranged in the microwave exposure position and re- 
versibly operable into abutting contact with an external side of the dia- 
phragm where the plunger is effective for preventing an outward deflection of 
the diaphragm caused by an increase of internal pressure in the vessel. 

The invention further suggests a method for confining a chemical reaction in 
a reaction vessel (1) that is accessible through a self-sealing diaphragm (5) 
covering an opening (4) of the reaction vessel. The method comprises the 
steps of injecting/ extracting reagents through the self- sealing diaphragm, 
and applying a controllable counter pressure to an external side of the dia- 
phragm that counteracts an outward deflection of the diaphragm caused by 
an increase of internal pressure in the vessel. 

Advantageous embodiments are further specified in the following detailed 
disclosure. 

SHORT DESCRIPTION OF THE DRAWINGS 

The invention is more closely explained below with reference made to the 
diagrammatic drawings, wherein 

Fig. 1 is a partial view of an apparatus incorporating a seal mechanism for a 
reaction vessel according to the invention; 

Fig. 2 is a partially sectioned view showing a reaction vessel and a plunger 
incorporated in the seal mechanism of the invention; 

Fig. 3 is a sectional view showing a reaction vessel according to the inven- 
tion; 
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Fig. 4 shows the reaction vessel of fig. 3 and a needle puncturing a penetra- 
ble diaphragm of the reaction vessel; 

Fig. 5 shows the needle and reaction vessel after penetration;, 

Fig. 6 is a partially sectioned view showing an alternative embodiment of the 
plunger and a reaction vessel, and 

Fig. 7 is a partially sectioned view showing the plunger of fig. 6 carrying a 
pressure detecting means. 

DETAILED DESCRIPTION OF THE INVENTION 

Illustrating examples and preferred embodiments of the invention will be de- 
scribed in detail below with reference made to the drawings. 

Fig. 1 shows a reaction vessel 1 containing the reacting mixture 2 that is ex- 
posed to microwaves 3, e.g. The reaction vessel 1 is a container typically 
made of glass, but can be formed in any material that withstands the tem- 
peratures and pressures that may be expected during a chemical reaction 
that takes place in the reaction vessel 1 . The reaction vessel 1 may be formed 
as a vial, a test tube, or may have any other design suitable for a specific ap- 
plication. An opening 4 of the reaction vessel is covered by a lid or dia- 
phragm 5 that is fastened to the reaction vessel by means of a cap 6, secured 
on an upper rim-portion or flange of the reaction vessel of fig. 1 . 

In order to prevent a deflection outwards of the diaphragm 5 due to an in- 
crease of pressure caused by a chemical reaction in the reaction vessel or 
caused by a temperature rise of the substance in the vessel, a retaining plate 
or plunger 7 is brought into abutting contact with the diaphragm 5. 

The plunger 7 of fig. 1 is pivotally supported about an axis C and reversibly 
movable between a position where the diaphragm is accessible to be punc- 
tured for injection and/ or extraction, respectively, and an operational posi- 



6 



tion wherein the plunger is brought into abutting contact with the self- 
sealing diaphragm 5. The plunger 7 may alternatively be manually operated. 
The motion of the plunger 7 preferably is electrically, hydraulically or pneu- 
matically driven. A drive means may be acting directly on the plunger via a 
rotating drive shaft (e.g., coincident with the axis C), or indirectly connected 
with the plunger via a mechanical arrangement 8 as illustrated in fig. 1 . 

The plunger 7 basically is controlled to apply a constant external pressure to 
the diaphragm. Optionally, the plunger 7 carries a pressure gauge 9 for 
measuring the internal pressure acting on the diaphragm 5 and urging the 
diaphragm outwards. The pressure gauge 9 is advantageously connected to 
an apparatus for monitoring the pressure in the reaction vessel 1 . Hazardous 
pressure levels may thus be detected and the process controlled with respect 
to safe process conditions. The detected internal pressure in the reaction 
vessel may alternatively be used for continuously controlling the plunger to 
apply a counter-pressure on the diaphragm that is related to the detected 
internal pressure in the reaction vessel. 

Fig. 2 shows a reaction vessel 1 and a plunger 7 comprising a pressure 
gauge 9. The diaphragm 5 is fastened to the reaction vessel by means of the 
cap 6, the cap being attached to the round going flange in the open end of 
the reaction vessel 1. A pressure (p) 15 is acting on the inner side of the dia- 
phragm 5, urging the diaphragm towards the pressure gauge /plunger. 

Fig. 3 shows a reaction vessel 1 with reacting mixture 2 and a diaphragm 5 
fastened to the reaction vessel by means of the cap 6. 

Fig. 4 shows a needle 10 penetrating the diaphragm 5, causing a slit or tab 
11 to be formed in the diaphragm. The tab 1 1 is allowed to swing back and 
close the penetration when the needle is withdrawn through the diaphragm. 
Typically, a penetration does not cause any material to be removed from the 
diaphragm. As will be understood from the following disclosure, the inven- 
tion provides a reliable seal of the vessel also if material is removed from the 
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diaphragm as a result of repeated penetration by the needle 10 or similar 
dispensing means. 

Fig. 5 shows a needle 10 penetrating the diaphragm 5. The needle 10 has a 
chamfered needlepoint 12 that provides inclined cutting surfaces in the dia- 
phragm upon penetration. Further, the needlepoint has a rounded shape, 
when seen in cross-section, so that a curved penetration 13 is produced 
through the diaphragm. 

Fig. 6 shows a reaction vessel 1 and a plunger 7 that has a protruded por- 
tion 14, which abuts the external side of the diaphragm 5 and thus keeps 
the penetration 13 closed. 

Fig. 7 shows a reaction vessel 1 and a plunger 7, as shown in Fig. 6, and 
wherein the plunger carries a pressure gauge 9. 

According to a first aspect of the invention there is suggested a seal mecha- 
nism for a penetrable, pressure proof sealing of a reaction vessel having an 
opening and a penetrable lid or diaphragm 5 covering at least said opening. 
The seal mechanism comprises a retaining plate or plunger 7 arranged to be 
pressed against at least a part of an external side of said diaphragm opposite 
to said opening, so as to provide a pressure proof sealing of the reaction ves- 
sel also when the diaphragm has been penetrated. 

Advantageously, the reaction vessel 1 is a vial or a test tube, but it can be 
any type of container serving as a reaction vessel and having an opening 4 
through which a substance may be injected to and/ or extracted from the in- 
ner volume of the vessel. The diaphragm covers the opening, said opening 
being defined by an annular end surface of the straight cylindrical wall of the 
tubular vessel. In a preferred embodiment, the vessel opening is defined by a 
radial, protruding collar or flange formation, running around the open end of 
the reaction vessel, and the diaphragm covers the opening so that a periph- 
eral portion of the diaphragm abuts said flange of the reaction vessel. 
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The diaphragm may be glued or welded to the flange portion. In the preferred 
embodiment, the reaction vessel further comprises a cap 6 for fastening said 
diaphragm to the reaction vessel. Advantageously, the cap may have an axial 
cylindrical portion that is crimped about the flange so that a ring-shaped end 
wall 16 of the cap covers at least a peripherally outer portion of the dia- 
phragm 5. Alternatively, the cap and reaction vessel may be in threaded en- 
gagement. The cap may be formed in any suitable material, such as metal, 
plastics, etc. 

Preferably, the diaphragm is made of elastic or elastomer material, such as 
rubber, synthetic rubber or other synthetic material having self-sealing 
properties. As used herein, the expression "self-sealing" should be under- 
stood as referring to a material that heals after puncture and therefore al- 
lows repeated penetration for injecting e.g. a reagent or solvent to a sub- 
stance in the reaction vessel, or for extracting an amount of the content 
there from. A suitable material is characterized by intrinsic elastic properties 
and a capacity for contraction and closing a slit through the diaphragm that 
is made by a needle or similar penetration means. The material is chosen for 
imperviousness and chemical resistance with respect to the reacting sub- 
stances in the vessel. 

Penetration is made by a needle or other dispensing means with a capacity 
for penetrating the diaphragm. In the following disclosure, a penetrating 
needle is used for illustration purposes though it will be apparent for a man 
skilled in the art, that the inventive solution is applicable to any other com- 
bination of penetrable diaphragm and penetrating dispensing means. A nee- 
dle may be formed with a chamfered point so as to provide an inclined cut 
through the diaphragm and in such way that no material is removed /cut out 
from the diaphragm, when the needle penetrates it. The penetration causes a 
slit or tab 11 to be formed in the material. When the needle is withdrawn 
through the diaphragm, the tab swings back and closes the penetration by 
means of the meeting, inclined cutting surfaces. When an increase of inter- 
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nal pressure generated from the chemical reaction in the reaction vessel, the 
tab will close the diaphragm from inside the reaction vessel. The plunger is 
then operable to provide a counter support that prevents an outward deflec- 
tion of the diaphragm that would separate the meeting cutting surfaces of 
the penetration, and thus prevents a leakage or evaporation through the 
penetration. 

The plunger 7 is typically formed from non-elastic materials such as metal, 
plastic, composite materials, etc. The plunger is operable into abutting con- 
tact with the external side of the diaphragm and may be controlled to ini- 
tially contact the diaphragm without applying any substantial external pres- 
sure thereto. The plunger may be controlled to exert a constant pressure to 
the diaphragm. When the pressure inside the reaction vessel increases as a 
result of the chemical reaction that takes place in the reaction vessel, the 
plunger may alternatively be controlled to apply a balancing external pres- 
sure to the diaphragm that counteracts an outward deflection of the dia- 
phragm. 

Basically, the plunger is reversibly movable between an operational position 
where it is pressed or held against the external side of the diaphragm, and a 
retracted position where it is removed from the diaphragm so that the reac- 
tion vessel is accessible for injection and/ or extraction, respectively, through 
the diaphragm. The plunger may be controlled for linear motion in axial di- 
rection of the reaction vessel. The motion of the plunger may alternatively 
involve a generally axial component and a generally radial component rela- 
tive to the vessel, e.g., such that the plunger is first lifted and then laterally 
displaced from the vessel opening. 

Preferably though, the plunger is pivo tally driven about an axis C between 
the operational and retracted positions, respectively. The means for pivoting 
the plunger may be manually, electrically, hydraulically or pneumatically 
driven. For example, the rotary shaft of an electric motor may be arranged to 
pivot the plunger about the axis C and directly or indirectly connected with 
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the plunger or the axis C. Preferably, a linear drive unit L is arranged to pivot 
the plunger about the axis C via a mechanical link system as illustrated in 
fig 1 . The linear drive unit L advantageously is realized as a pneumatic or 
hydraulic cylinder unit. 

In order to prevent an unexpectedly high internal pressure in the reaction 
vessel from dislocating the plunger in its operational position, the seal 
mechanism may further comprise locking means (not shown in the drawings) 
for securing the plunger in the operational position. 

Typically, the reaction vessel is utilized for chemical reactions where an in- 
crease in temperature and pressure is expected. The pressure inside the re- 
action vessel may amount to the order of about 10-20 bar and the internal 
temperature may amount to the order of about 60°-250° C, for example. 
However, the claimed invention is not limited to specific pressure and tem- 
perature ranges, and the seal mechanism and plunger may be dimensioned 
to operate at pressures above 100 bar and with temperatures above 250° C. 

For provoking or accelerating a chemical reaction between two or more sub- 
stances in the reaction vessel, an increase in the temperature may be re- 
quired. In order to heat the substances, any conventional heating method is 
applicable. Typically, the reaction vessel is exposed to microwave energy. The 
reaction vessel is then positioned such that at least the part of the reaction 
vessel holding the substances is exposed to microwaves. 

For monitoring the pressure inside the reaction vessel, the plunger may 
comprise a pressure gauge for measuring the internal pressure acting on the 
diaphragm. Thus, it is possible to avoid hazardous overpressure inside the 
reaction vessel by controlling the plunger to operate as a safety switch that 
releases pressure to prevent the vessel from cracking, or by controlling the 
process to stay below safe pressure levels. In another aspect, a continuous 
monitoring of the internal pressure provides the possibility also for dimen- 



11 



sioning the pressure that the plunger applies to the external side of the dia- 
phragm in relation to the internal pressure. 

The plunger may be dimensioned for contacting at least the part of the dia- 
phragm covering the opening in the reaction vessel, and the plunger may 
additionally contact the annular portion of the cap that covers the peripheral 
area of the diaphragm. Alternatively, the plunger may be dimensioned to 
press /act exclusively on an area of the diaphragm comprising the penetra- 
tion/penetrations made by the needle or other penetration means. 

According to a second aspect the invention relates to an apparatus for per- 
forming chemical reactions, wherein a plurality of reaction vessels are sup- 
ported and successively moved, in parallel or in series, to a position for mi- 
crowave energy exposure. The apparatus comprises dispensing means capa- 
ble of penetrating a self-sealing diaphragm of the reaction vessels for injec- 
tion and/ or extraction of reagents into the reaction vessel where a chemical 
reaction takes place, and a seal mechanism as disclosed above arranged in 
the microwave exposure position for confining the chemical reaction in the 
reaction vessel. 

Said dispensing means preferably comprises the needle disclosed above, and 
control mechanics associated with the needle for vertically driving the needle 
through the diaphragm in a dispensing/ extraction position of the reaction 
vessel. Alternatively, the needle is operable for penetration of the diaphragm 
when the reaction vessel is located in the heating position. In another em- 
bodiment, the needle is movable and controlled for penetration of the dia- 
phragm of a reaction vessel that is located in another position in the appara- 
tus, separated from the heating position. Reagents, buffer solutions and 
wash liquids, as appropriate, are accommodated in the apparatus and ac- 
cessible for the needle or other dispensing means. 

The apparatus further comprises a shielded microwave generator, mechani- 
cal guides and drive means for the needle and for moving each reaction ves- 
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sel, individually or in sets, to and from the microwave exposure position. 
Control logic and operator interface for monitoring and evaluation of the 
chemical reactions performed by the apparatus are preferably integrated in 
an automated system wherein the apparatus is incorporated. The structural 
layout of the apparatus is not further specified herein, and may be adapted 
to user specifications and contemplated reactions or assays to be carried out 
by the apparatus. 

According to a third aspect, the invention relates to a method for confining a 
chemical reaction in a reaction vessel 1 that is accessible through a self- 
sealing diaphragm 5 covering an opening 4 of the reaction vessel. The 
method comprises the steps of injecting/ extracting reagents through the self 
sealing diaphragm, and applying a controllable counter pressure to an exter- 
nal side of the diaphragm that counteracts an outward deflection of the dia- 
phragm caused by a rising internal pressure in the reaction vessel. 

Preferably, a plunger is pivotally operable into abutting contact with the ex- 
ternal side of the diaphragm from a retracted position wherein the dia- 
phragm is accessible, such as for penetration by a needle. The plunger typi- 
cally is activated towards the operational position while exposing the re- 
agents in the reaction vessel to heat, such as microwave energy. 

In the best mode of employment, the counteracting pressure applied to the 
diaphragm is advantageously dimensioned in relation to the internal pres- 
sure generated by the chemical reaction in the reaction vessel, continuously 
detected by a pressure detecting means supported on the plunger that is op- 
erable for supplying the external pressure on the diaphragm. 



Modifications of structural details in the general solution suggested above 
are incorporated within the scope of the claims attached hereto. 



